INTRODUCTION {#sec1-1}
============

Yoga has truly captured the imagination of scientists in recent times with a dramatic increase in the number of studies documenting various facets of this art and science.\[[@ref1][@ref2][@ref3][@ref4]\]However, though many studies have elucidated applied aspects of Yoga in different health conditions, very few have focused on the basic research needed to understand the intricate mind-body mechanisms involved in the different yogic techniques.\[[@ref5]\]

The different Yogic psychophysiological techniques are bound to have different effects on each and every cell of the human body and this in turn will depend on the various body systems, organs, and tissues involved in the performance of such practices.\[[@ref6]\]As the role of the spinal column is emphasized in Yoga, it follows logically that the effects of forward bending postures would be different than those of back bending ones and that these in turn may be different from the physiological effects of twisting postures. As both intra thoracic and intra-abdominal pressure-volume changes affect the cardiovascular system, it is plausible that these Asanas will produce changes in the heart rate (HR) and blood pressure (BP). The conscious self-effort made in Asana practice may be understood as the *Spanda* (tension) component whereas the relaxation of effort (*Prayatna shaithilya*) may be understood as the Nishpanda (relaxation) component. Even Maharishi Patanjali tells us that the pair of opposites (*Dwandwa*) is transcended (*Dwandanabigata*) when one perfects the state of Asana. Hence, it is essential to physiologically evaluate not only the actual performance of an Asana, but also the period of recovery following it.

However, there is a lacuna of studies on such effects and there is only one study\[[@ref7]\]comparing cardiovascular effects of some Asanas and that too was carried out in untrained subjects with only a single recording without pre-post comparisons. That study had evaluated only the BP during the performance of Sukhasana, Vajrasana, and Dhanurasana (DA) by 25 medical students and compared these findings with the supine, sitting, and standing positions. As a pre-post comparison was lacking in that study, no concrete conclusion could be inferred about the actual effects of performing Asanas or about the recovery following their performance.

The Swara Yoga tradition\[[@ref8]\]also emphasizes the subtle differences existing between energy flows on the right and left sides (Pingala and Ida nadi respectively) manifesting through the ultradian rhythmicity of right or left nostril dominance (Surya and Chandra Swara respectively). Autonomic function is affected by right-left brain activity\[[@ref9][@ref10]\]and as there is a sensory-motor crossover relationship between right and left sides of the body and the contralateral hemispheres, this leads to speculation to differences in autonomic function depending on techniques performed utilizing either right/left sides.

With the above rational in mind, this study was planned to compare the immediate cardiovascular effects of different Yoga Asanas in healthy young volunteers. In addition to studying the immediate effect of the Asanas, we also studied the post posture supine recovery period for ten min. Hence, Shavasana also served as a control to the supine rest being carried out after the performance of the other Asanas.

MATERIALS AND METHODS {#sec1-2}
=====================

This study was conducted at the Center for Yoga Therapy Education and Research (CYTER) functioning in Mahatma Gandhi Medical College and Research Institute, Puducherry, India. Ethical clearance was obtained from the Institutional Human Ethics Committee and 22 students (16 female, 6 male), aged 19.05 ± 0.79 standard deviation (SD) years, with body mass index of 20.54 ± 3.15 (SD) undergoing the B Sc., Nursing course at Kasthurba Gandhi Nursing College, Sri Balaji Vidyapeeth, Puducherry were recruited for the study by convenience sampling. CYTER staff was conducting regular Yoga training sessions twice weekly for 6 months for nursing students and these participants were selected as they could perform the required set of Asanas with an adequate level of proficiency. Asanas selected for the study were: DA, Vakrasana (VA) (both sides), Janusirasasana (JSA) (both sides), Matsyasana, and Shavasana \[[Figure 1](#F1){ref-type="fig"}\].

![Asanas performed by participants in the study: Janusirasasana (right), Janusirasasana (left), Vakrasana (right), Vakrasana (left), Dhanurasana, Matsyasana, and Shavasana](IJY-7-89-g001){#F1}

We selected these Asanas as they manipulated the spinal column indifferent positions. The human spine is given great importance in the Yoga tradition (Brahma Danda or Meru Danda). The forward bending (JSA), backward bending (DA from the prone position and Matsyasana from supine position) and twisting VA nature of the Asanas was taken into consideration and also the fact that the effects of two of them (VA and JSA) could be evaluated on both right and left sides. These Asanas were also part of the syllabus of Yoga training the subjects had received earlier and hence an adequate level of proficiency in performance of the postures was also ensured.

Each subject came to CYTER on seven different days and the entire study took 3 weeks for its completion as all subjects couldn't be studied on the same day due to the lack of space and manpower. On each of the days, they performed one of the Asanas that was selected by random selection of both subject and technique so as to avoid any bias or influence of different days on the group. All tests were carried out in CYTER between 10 and 12 noon. The environment was quiet, with a comfortable temperature and subdued lighting. The subjects were briefed about the study protocol and written informed consent was obtained from them. They were advised to finish their breakfast at least 2 h earlier and come after emptying bowel and bladder.

To ensure objectivity in measuring HR and BP, the recordings were performed using non-invasive semi-automatic BP monitor (CH - 432, Citizen Systems, Tokyo, Japan) with an instrumental accuracy of ± 5% for HR and ± 3 mm Hg for BP. Pre intervention HR and BP was recorded after 5 min of supine rest. The subjects then performed one of the Asanas for 30 s, following which the post-intervention recordings were taken. HR and BP were further recorded during the supine recovery period at 2,4,6,8 and 10 min.

Data were assessed for normality using GraphPad InStat version 3.06 for Windows 95, (GraphPad Software, San Diego California USA, [www.graphpad.com](www.graphpad.com)). As all data passed normality testing by Kolmogorov-Smirnov Test, statistical analysis was carried out using repeated measures of ANOVA with Tukey-Kramer multiple comparisons test to compare differences between groups at each point of time. Student\'s paired *t* test and *P* values less than 0.05 were accepted as indicating significant differences for pre-post and recovery period intra-group comparisons.

RESULTS {#sec1-3}
=======

There were significant changes in HR and BP both immediately after performing asanas as well as during the recovery period \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"} and Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. Overall comparisons of changes immediately after the performance of the Asanas revealed significant differences with regard to HR that increased significantly after DA \[[Table 1](#T1){ref-type="table"}, [Figure 2](#F2){ref-type="fig"}\]. In the recovery phase, there were significant intergroup differences from 2 min onward in both systolic pressure (SP) and diastolic pressure (DP) as given in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"} and Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}. The decrease of SP after VA (right side) (VA-R) was significantly greater than Shavasana (4^th^, 6^th^, and 8^th^ min) and JSA-L at 6^th^ and 8^th^ min \[[Table 2](#T2){ref-type="table"} and [Figure 3](#F3){ref-type="fig"}\]. DP decreased significantly after performing JSA-L compared to VA-R at the 6^th^ and 8^th^ min \[[Table 3](#T3){ref-type="table"} and [Figure 4](#F4){ref-type="fig"}\]. The plot of ∆% changes during the recovery period showed greater fall in SP and DP after all the other Asanas as compared to that following Shavasana \[Figures [3](#F3){ref-type="fig"} and [4](#F4){ref-type="fig"}\].

###### 

Immediate HR response to the performance of DA, JSA-R, JSA-L, VA-R, VA-L, MA and SA for 30 s followed by subsequent HR recovery at 2,4,6,8 and 10 min

![](IJY-7-89-g002)

###### 

Immediate SP response to the performance of DA, JSA-R, JSA-L, VA-R, VA-L, MA and SA for 30 s followed by subsequent HR recovery at 2,4,6,8 and 10 min

![](IJY-7-89-g003)

###### 

Immediate DP response to the performance of DA, JSA-R, JSA-L, VA-R, VA-L, MA and SA for 30 s followed by subsequent HR recovery at 2,4,6,8 and 10 min

![](IJY-7-89-g004)

![Heart rate response in Δ% immediately following performance of Dhanurasana, Janusirasasana-R, Janusirasasana-L, Vakrasana-R, Vakrasana-L, Matsyasana, and Shavasana for 30 s and at 2,4,6,8, and 10 min](IJY-7-89-g005){#F2}

![Systolic pressure response in Δ% immediately following performance of Dhanurasana, Janusirasasana-R, Janusirasasana-L, Vakrasana-R, Vakrasana-L, Matsyasana and Shavasana for 30 s and at 2, 4, 6, 8 and 10 min](IJY-7-89-g006){#F3}

![Diastolic pressure response in Δ% immediately following performance of Dhanurasana, Janusirasasana-R, Janusirasasana-L, Vakrasana-R, Vakrasana-L, Matsyasana, and Shavasana for 30 s and at 2, 4, 6, 8 and 10 min](IJY-7-89-g007){#F4}

DISCUSSION {#sec1-4}
==========

The cardiovascular changes immediately after performing the Asanas and during the recovery phase as evidenced in this study reveal inherent differences between the selected postures \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}, Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. Differences between the selected Asanas were especially significant for HR immediately after performing DA \[[Table 1](#T1){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\]. There was a higher stress response to DA as opposed to the other Asanas and this may be attributed to an increased sympathetic response due in part to the relative difficulty of the posture as well as the intense abdominal compression occurring while performing it.

Each of the Asanas had its own pattern and through there were overall similarities, some differences can be made out in a detailed examination. VA-R had the greatest fall in HR during the recovery period while JSA-R had the greatest fall of both SP and DP by the end of the 10 min recovery period \[Tables [1](#T1){ref-type="table"}--[3](#T3){ref-type="table"} and Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. There were significant differences between the selected Asanas mainly during the recovery period after 2 min and this finding helps us to understand that the effects of the Asanas is quite similar after 2 min. This also implies that a rest of 2 min should be given in between the Asanas if one is to attain the best relaxatory effect of Yoga practices.

A previous study on individual Asanas evaluated the BP while 25 medical students performed Sukhasana, Vajrasana and DA and also compared these findings with the supine, sitting, and standing positions.\[[@ref7]\]DA had the highest BP as compared to all other postures in that study too. The main difference between our present study and that study is that they had measured the BP while the subjects were in the posture, whereas we have measured before and after the posture along with a 10 min recovery period. They had only recorded a single value and thus there was no pre-post comparison in their study. It is also to be noted that their subjects were not regular practitioners of Yoga while our subjects were undergoing a Yoga training program and had been practicing the techniques for more than 3 weeks at the time of the study.

Previous studies have reported the energy expenditure and ventilatory responses of Yogic standing (Virasana) and sitting (Siddhasana) postures.\[[@ref11][@ref12]\]They reported that Virasana induces temporarily a hyper metabolic state characterized by enhance sympathetic activity that gets inhibited upon the adoption of Shavasana.\[[@ref11]\]Siddhasana was reported to be a mild type of exercise as it had higher energy expenditure and ventilatory responses as compared to supine and chair sitting postures.\[[@ref12]\]

The effect of supine relaxation is more pronounced after the performance of the Asanas as compared to just relaxing in Shavasana \[Figures [2](#F2){ref-type="fig"}--[4](#F4){ref-type="fig"}\]. This may be attributed to a normalization and resultant homeostatic effect occurring towing to a greater, healthier de-activation of the autonomic nervous system occurring due to the presence of prior activation.

A study by Telles *et al.* studied O~2~ consumption and respiration following four Yoga postures interspersed with relaxation and supine relaxation alone, and concluded that the combination of stimulating and relaxing techniques reduced physiological arousal better than the mere practice of relaxation techniques alone.\[[@ref13]\]They also pointed out that though the practical performance of Yoga techniques seem to be stimulatory in nature, their physiological effects are in fact more relaxatory. This is corroborated by a previous study from JIPMER reporting that Shavasana relaxation is enhanced with the addition of Savitri Pranayama thus decreasing O~2~consumption by 26%.\[[@ref14]\]

Manjunatha *et al.* studied the effects of selected Yogic postures on fasting and postprandial glycaemia and insulinemia in healthy young subjects and concluded that the performance of Asanas led to increased sensitivity of the β cells of the pancreas to the glucose signal.\[[@ref15]\]It was found in that study that the performance of four different sets of Asanas had similar effects of reducing fasting and postprandial glycaemia and that blood insulin levels also fell after the performance of the Asanas. However, when oral glucose tolerance test ( GTT) was administered, there was a greater insulin response that may be interpreted as an enhanced sensitivity of pancreatic β cells to the glucose challenge too. At the metaphysical level, this may be taken to imply a dynamic state of balance where one is balanced, yet ready to face any challenge that may occur.

One of the extra findings of this study is the revelation of subtle differences between the right sided and left sided performance of VA and JSA that may be occurring as a result of the different internal structures being either compressed or relaxed on either side. This requires further exploration and studies with a greater number of subjects and doing the Asanas in different positions may help unravel the scientific basis of such differences.

The aim of Yoga is harmony or homeostatic balance at all levels of existence (Samatvam yogah uchyate) as elucidated in the Bhagavad Gita\[[@ref16]\]and the psychophysiological nature of Yoga Asanas may be producing such a balance even if they initially have a hyper metabolic or cardio-respiratory stimulatory action. This is well evidenced by the cardiovascular responses to all the Asanas in our study, as the post postural HR and BP both fell below the initial values during the recovery period and this was consequently seen to be even lower than the responses to supine relaxation in Shavasana. This has been corroborated by recent reports that both the sympathetic and parasympathetic limbs of the autonomic nervous system activity were enhanced in hypertensives following Yoga training.\[[@ref17][@ref18]\]

In conclusion, our study provides initial evidence of differential cardiovascular effects of Asanas and subtle differences between right and left sided performance. Further, cardiovascular recovery is greater after the performance of the Asanas as compared to Shavasana; thus, implying a better response when effort precedes relaxation.
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